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1
METHOD AND APPARATUS FOR DYNAMIC
OBFUSCATION OF STATIC DATA

FIELD OF INVENTION

Embodiments of the present invention relate generally to
cryptographic processing. More particularly, this invention
relates to dynamic obfuscation of computer program data.

BACKGROUND

Software publishers often attempt to restrict access to por-
tions of compiled software executables to thwart would-be
reverse engineering while still allowing the executables to
function properly. Reverse engineering is the practice of dis-
secting and/or analyzing software to understand how it
works. On certain systems, reverse engineering can retrieve
information stored within software such as information
related to cryptographic keys or copy protection schemes.
Reverse engineers can even tamper with the software itself.

A reverse engineer attacks a program from two main paths,
data and control flow. One simple straight forward way to
protect data is to mask it. That is, change its representation
with an efficient operation. So, instead of storing A in
memory, store A"X, where X is some static mask selected at
runtime.

An even better way to mask A would be to use a dynamic
mask, oran X thatis selected ‘randomly’ at runtime. This way,
A"X changes at runtime even though A itself may not be
changing. This is better security, as the A"X changes when
either A changes or X changes, as opposed to only when A
changes (when X is static).

However, one of the drawbacks to this mechanism is that
this dynamic transform to A cannot be applied at compile time
if A is supposed to be ‘baked’ into the binary itself (for
example, as an initializer), so that the initial starting value
does not actually receive a dynamic mask. It is impossible to
do so, without going in and rewriting the binary code, and
then loading the freshly written one, since it is a static value
baked into the binary.

Therefore, traditional mechanisms for protecting program
data are slow, bulky, and not effective.

SUMMARY OF THE DESCRIPTION

In one embodiment, optimal code locations in a program
(or code) may be determined at compile time to update the
program to allow dynamic masking of statically masked pro-
gram data of the program at runtime. Statically masked pro-
gram data may be copied into a new variable at the determined
code locations for dynamic masking. Instead of using the
statically masked program data, the dynamically masked data
is used (or accessed, read) when executing the program for
program or code obfuscation. The program data may be
dynamically hidden to prevent reverse engineering to uncover
secret data used in operations using the program data.

In another embodiment, rewriting code may be provided to
dynamically mask program data statically embedded in first
code. The program data can be used in multiple instructions in
the first code. A code location (e.g. an optimal code location
based on certain required processing resource measures) in
the first code can be determined for injecting the rewriting
code. The code location may be included in two or more
execution paths of the first code. Each execution path can
have at least one of the instructions using the program data. A
second code may be generated based on the first code inserted
with the rewriting code at the code location. The second code
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can include instructions using the program data dynamically
masked by the rewriting code. When executed by a processor,
the first code and the second code can generate identical
results.

In another embodiment, source code can be compiled into
a first code with statically masked program data of the source
code. The source code can include annotation identifying the
program data to be dynamically masked. The first code may
include one or more instructions using the program data stati-
cally masked. Code locations in the first code can be deter-
mined to insert rewriting code to dynamically mask the pro-
gram data. A code location may be located in two or more
execution paths of the first code. Each execution path can
include at least one of the instructions using the program data
statically masked. A second code may be generated based on
the first code inserted with rewriting code at the optimal code
location. The second code can include instructions using the
program data dynamically masked by the rewriting code. The
second code, when executed by a processor, can produce an
identical result as the first code.

Other features of the present invention will be apparent
from the accompanying drawings and from the detailed
description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and
not limitation in the figures of the accompanying drawings, in
which like references indicate similar elements and in which:

FIG. 1 is a block diagram illustrating a dynamic obfusca-
tion system according to one embodiment of the invention.

FIG. 2 is a flow diagram illustrating a method for dynami-
cally obfuscating static code data according to one embodi-
ment of the invention.

FIG. 3 is aflow diagram illustrating a method to locate code
locations for dynamically obfuscating static code data
according to one embodiment of the invention.

FIG. 4 is a code diagram illustrating sample pseudocodes
for dynamically masking statically masked data according to
one embodiment of the invention.

FIG. 5 is a block diagram illustrating a sample control flow
for identifying code locations to dynamically obfuscate static
code data according to one embodiment of the invention.

FIG. 6 is a block diagram illustrating an example of a data
processing system which may be used with one embodiment
of the invention.

DETAILED DESCRIPTION

Methods and apparatuses for dynamic obfuscation of static
data are described herein. In the following description, vari-
ous embodiments and aspects of the inventions will be
described with reference to details discussed below, and the
accompanying drawings will illustrate the various embodi-
ments. The following description and drawings are illustra-
tive of the invention and are not to be construed as limiting the
invention. Numerous specific details are described to provide
a thorough understanding of various embodiments of the
present invention. However, in certain instances, well-known
or conventional details are not described in order to provide a
concise discussion of embodiments of the present invention.

Reference in the specification to “one embodiment™ or “an
embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment
can be included in at least one embodiment of the invention.
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The appearances of the phrase “in one embodiment” in vari-
ous places in the specification do not necessarily all refer to
the same embodiment.

Code locations in a program having program data may be
determined (or selected) during compile time to insert
instructions to copy the program data, e.g. statically masked
data, to new variables which are dynamically masked. In
some embodiments, code locations may be optimally
selected based on expected execution resources (e.g. number
of instructions to be executed, memory usage etc.) required to
execute the program with dynamically masked program data
during runtime. The mechanism of copying may allow the
application of a dynamic mask to the program data which may
be originally statically masked as part of the program for code
obfuscation. The code locations may be identified based on
required execution resources of the program based on, for
example, control flow analysis of the program.

In one embodiment, a program may be inspected to iden-
tify usage of program data, A, of the program to select optimal
locations to perform copy operations to copy A from a stati-
cally protected value to a dynamically protected variable A'.
As a result, the level of code obfuscation may be increased to
further secure the program data. For example, a program data
array of the program may appear differently for each run or
execution of the program. Code maintenance cost may be
decreased by ensuring that optimal locations are selected
even when the underlying code of the program changes, for
example, to allow a programmer to focus on more interesting
security problems related to code protection instead of code
maintenance.

In some embodiments, each function (e.g. a block of code)
using statically masked program data of a program may be
updated to use corresponding dynamically masked program
data. Copy operations to convert the statically masked pro-
gram data may be performed in execution paths of the pro-
gram prior to invoking the function using the program data.
Code location within the function (e.g. at the beginning of the
function code block) may be heuristically determined to
inject conversion code to convert static masking to dynamic
masking of the program data. Heuristics may be provided by
a user or programmer (e.g. via annotation based on a user
interface) to indicate preferences of the code location for the
conversion code. Optionally, code location selected by a user
may overwrite heuristically identified code locations.

In one embodiment, program data may have a static repre-
sentation when stored in a non-volatile storage device, such as
a disk or flash memory etc. During runtime, the program data
may have been already converted into a dynamic representa-
tion whenever the program data is used in code. A dynamic
representation of the program data (e.g. in a runtime memory)
may be different from the static representation of the program
data (e.g. stored in a disk). The dynamic representation of the
program data for the current run of the program may be
different from another dynamic representation of the same
program data in the last run, even though nothing has changed
in running the program, to increase difficulty or cost for an
attacker to figure out actual value of the program data, such as
a security key array of fixed initial values, global data strings
or other applicable program data.

According to one embedment, a compiler tool may be
provided to prevent reverse engineering of a program via
dynamic data masks to change data representation of program
data in the program. Random values may be dynamically
generated based on arithmetic (e.g. addition. xor, multiplica-
tion, etc.) or other applicable data operations to account for
the change of data representation. The dynamic data repre-
sentation can add another layer of security protection on a
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program against back tracing to relate data appearing in runt-
ime memory when executing the program to how pieces of
sensitive program data (e.g. key file) are actually used and
represented in the program.

During runtime, statically obfuscated data may be initial-
ized to represent statically masked program data. For
example, a compiler may statically obfuscate (or scramble,
randomly rename, etc.) a constant data string defined during
compile time or a secrete file name referencing key files
referenced in the program. The compiler may update the
program to allow the program, when executed, to put
dynamic masks on the statically masked program data at best
code locations and use the dynamically masked program data
without using the statically masked program data.

In some embodiments, dynamic masks put on program
data via the compiler tool may require randomness based on
runtime entropy from outside world (e.g. outside of the pro-
gram), such as the runtime system or other runtime environ-
ments or states. A compiler tool may enable the dynamic
masks to receive the runtime entropy dynamically.

In one embodiment, use case in a program or code may be
analyzed to identify best possible code locations or places to
convert static masked program data to dynamically masked
program data. A use case may represent executions paths, call
graphs or control flows, for example, based on if/else
branches, conditional/unconditional jumps, true/false com-
parison branches, function calls, or other applicable control
instructions in the program. Best function block(s) may be
selected for injecting conversion code to put dynamic masks
on the program data, for example, according to least amount
of computation resources required to execute the program.

In one embodiment, a compiler may determine to insert
conversion code for dynamically masking program data
before its use without incurring the cost of executing the
conversion code for execution paths that do not need to access
program data. For example, the conversion code may be
avoided in hot spots (e.g. with high execution cost) in the
program, such as code blocks with iterating or looping con-
trols. Dominating code block may be analyzed for usage of
the program data to determine best code locations for the
conversion code.

According to certain embodiments, optimal code locations
for inserting statically masked program data to dynamically
masked program data may be selected based on dominating
common blocks. For example, code blocks using the stati-
cally masked program data in a program may be identified via
a control flow graph of the program. Each code block may
correspond to a node in the control flow graph. A common
block of the identified code blocks may correspond to a node
belonging to each execution path having at least one of the
identified nodes in the control flow graph. In other words, the
common block may represent a common ancestor node (or
parent node) for the identified nodes. The dominating com-
mon block may represent a common block closest (e.g. based
execution path distance in the control flow graph) to the
identified code blocks using the program data. A compiler
may insert conversion code in the dominating common block,
for example, to remove static masks from the program data
and apply dynamic masks to the program data.

FIG. 1 is a block diagram illustrating a dynamic obfusca-
tion system according to one embodiment of the invention. In
one embodiment, system 100 may include operating environ-
ment 101 hosted in a data processing device, such as a desktop
computer, a server, a compiler machine, a mobile device or
other applicable devices etc. Operating environment 101 may
include compiler 127 to compile source code 103 and gener-
ate executable 125 with dynamic masking capabilities on
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static data inside source code 103. Compiler 127 may convert
statically masked code data to be dynamically masked code
during runtime. User interface module 107 may allow a user
to annotate portions of source code 103 for dynamic and/or
static obfuscation or masking via source editor module 105.

In one embodiment, compiler 127 may include frontend
compiler module 111 which is capable of generating inter-
mediate code 117 from source code 103 during a front end
process during compilation of source code 103. Intermediate
code 117 may include intermediate or mid level representa-
tion (e.g. .bc code) of source code 103. Intermediate code 117
may preserve annotations for data masking in original source
code 103 as markers or other indicators.

In one embodiment, intermediate code 117 may be agnos-
tic to different programming languages and target execution
architectures. For example, source code 103 may be based on
certain programming language, such as static, dynamic, func-
tional, descriptive, interpretive or other kinds of applicable
languages. Executable 125 may be provided according to one
of multiple processors or targeted hardware architectures for
code execution. Dynamic code obfuscation capability of
compiler 127 may be language agnostic and processor agnos-
tic based on intermediate code 117.

Source code 103 may include code data or program data
which are static in nature to be used or referenced during
runtime. Code data may comprise, for example, initializer
data, constant string value, static array values etc. In certain
embodiments, executable 125 may include code data speci-
fied in source code 103. For example, executable 125 may
include an identifier or directive indicating a portion of
executable 125 comprising code data. Executable 125 may be
stored and retrieved from a storage device (e.g. memory, a
hard disk or other applicable devices) together with the code
data.

In one embodiment, frontend compiler module 111 may
include static data masking module 113 to obfuscate code
data included in source code 103. Static data masking module
113 can automatically identify code data or program data
specified inside source code 103. Alternatively, static data
masking module 113 may select which portion of code data of
source code 103 to mask based on user annotations. Static
data masking module 113 may apply obfuscating operations,
such as exclusive-or operations, arithmetic operations, or
other applicable operations to mask code data based on, for
example, static masks provided via compiler 127 (e.g. during
compiler time). In some embodiments, intermediate code 117
can include instructions to unmask the code data when the
code data is used (or read, accessed) in intermediate code 117.

Masking conversion module 129 can identify and convert
statically obfuscated code data to dynamically obfuscated
code data based on intermediate code 117. For example, user
requests to dynamically mask code data may be indicated as
special annotation in source code 103. Identifying which code
data in intermediate code 117 for dynamic masking may be
facilitated via the special annotations preserved in interme-
diate code 117. Alternatively, statically masked code data
may be automatically identified from intermediate code 117
for conversion to dynamically masked code data during com-
pilation.

Rewriting code generation module 109 may provide
dynamic obfuscating instructions for statically masked code
data identified from intermediate code 117. For example,
dynamic obfuscating instructions can allow fresh dynamic
masks to be generated during runtime on a per function call
basis (e.g. during the same execution), per run (e.g. each
execution) basis or other applicable levels of randomness. For
example, calling a function using dynamic masks twice in a
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per run basis would result in different dynamic masks obfus-
cating the same code data. Dynamic obfuscating instructions
can include sources of entropy to provide the randomness,
variability or unpredictability to the dynamic masks. The
source of entropy may be based on runtime system status,
random pointer value, or other applicable random value gen-
eration mechanisms. User interface module 107 may allow a
user to specify or configure levels of randomness associated
with dynamic masking via masking conversion module 129.

In one embodiment, during one pass of conversion or com-
pilation of compiler 127, code updating module 115 may
inject or insert generated dynamic obfuscating instructions
into intermediate code 117, for example, to convert statically
masked data to dynamically masked data. Control flow analy-
sis module 119 may determine wherein in intermediate code
117 to insert generated dynamic obfuscating instructions.

For example, control flow analysis module 119 can per-
form analysis (e.g. static analysis or dynamic analysis) of
intermediate code 117 based on a control flow graph repre-
senting execution paths (or sequence of instructions) speci-
fied in intermediate code 117. A control flow graph analysis
may be based on a function specified in intermediate code
117. In one embodiment, each function may correspond to a
separate control flow graph.

A control flow graph may be associated with graph nota-
tion for all paths that might be traversed through a program,
such as intermediate code 117, during its execution. Each
node in the control flow graph may represent a basic block,
such as a straight-line piece of code without jumps or jump
targets. Jump targets specified in the code may start a block of
the graph. Jumps specified in the code may indicate an end of
a block. Directed edges of the graph may represent jumps in
the control flow.

A control flow graph may include an entry block and an end
block. All control or execution paths may enter into the flow
graph via the entry block and leaves via the end block. A block
M can dominate a block N in the flow graph if every path from
the entry that reaches block N has to pass through block M.
The entry block can dominate all blocks in the flow graph. A
common dominating block for multiple blocks in the flow
graph can dominate each ofthe multiple blocks. An execution
path from a least common dominating block to the multiple
blocks can have the shortest distance (e.g. measured in num-
ber of nodes or blocks in the flow graph) among distances of
execution paths from other common dominating blocks to the
multiple blocks in the flow graph.

In one embodiment, control flow analysis module 119 can
locate where or which code block of a flow graph of interme-
diate code 117 to inject generated dynamic obfuscating
instructions (or code) for statically masked code data based
on the control flow graph. For example, control flow analysis
module 119 may identify where (e.g. which blocks in the flow
graph) the statically masked code data are used (or accessed)
in intermediate code 117. A least common dominating (LCD)
block ofthe identified blocks (i.e. where the statically masked
code data are used) in the flow graph may be determined.

Dynamic obfuscating instructions for code data may be
injected into the determined LCD block among identified
blocks using the code data to optimize resource usage (e.g.
number of instructions to execute or other processing cost) to
convert statically masked code data to dynamically masked
code data during runtime. In some embodiments, dynamic
obfuscating instructions can be inserted at the end of a block
of code (e.g. identified LCD block). Alternatively, the
dynamic obfuscating instruction can be put at beginning of
the block.
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During a separate pass of conversion or compilation via
compiler 127, in some embodiments, code updating module
115 can update usage of the code data (e.g. instructions
accessing the code data) based on the dynamically masked
code data. As a result, masking conversion module 129 can
convert intermediate code 117 which uses statically masked
code data to dynamically masked code 121 which uses
dynamically masked code data. Executable 125 may be gen-
erated from dynamically masked code 121 via backend com-
piler module 123.

FIG. 2 is a flow diagram illustrating a method for dynami-
cally obfuscating static code data according to one embodi-
ment of the invention. Exemplary process 200 may be per-
formed by a processing logic that may include hardware,
software or a combination of both. For example, process 200
may be performed by system 100 of FIG. 1. At block 201, the
processing logic of process 200 may provide rewriting code
for program data statically embedded in the first code, for
example, at compile time of the first code. The program data
may be statically masked in the first code. The rewriting code
may be inserted into the first code to convert the statically
masked program data to dynamically masked data.

The program data may be used (e.g. accessed, read, etc.) in
one or more instructions of the first code. The rewriting code
may be performed to dynamically mask the program data at
runtime of the first code. In one embodiment, the first code
can include intermediate byte code corresponding to a source
code coded with the original program data. The program data
can represent the original program data statically obfuscated
via static masks to increase security level of the code.

In one embodiment, the rewriting code may include
instructions to recover the original program data by removing
the static masks. For example, data processing operations
opposite (or inverse) to the static masks put on the original
program data may be performed to uncover or recover the
original program data. The dynamically masked program
data may be based on the original program data recovered
from the program data embedded in the first code.

The rewriting code can include instructions to generate a
dynamic mask during runtime to randomly mask the program
data. For example, the rewriting code may include instruc-
tions to access runtime status associated with a processor
executing the code, e.g. the first code updated with the rewrit-
ing code. The randomness or level of randomness of a
dynamically generated mask for the program data may be
based on the runtime status of the processor, status (or states)
of runtime environments or other applicable runtime status
during execution. The dynamic mask may be generated once
for each execution or each run of the code.

At block 203, the processing logic of process 200 may
determine an optimal code location in the first code to insert
the rewriting code. The optimal code location may be located
in two or more execution paths of the first code. Each execu-
tion path can include at least one instruction (or code) using
the program data. In one embodiment, certain execution paths
of the first code may not include instructions using the pro-
gram data. The first code can include separate code blocks.
Each code block, for example, may specify a function, a
subroutine or other code structures which can be addressed
via instructions in the program to direct execution path to the
code block.

In one embodiment, the processing logic of process 200
may generate a control flow for the first code to determine
optimal code locations for inserting the rewriting code or
conversion code. The control flow can represent a directed
graph of calling relationships among the separate code
blocks. Each execution path of the first code may correspond
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to a directed path of the graph in the control flow. The pro-
cessing logic of process 200 can identify which of the sepa-
rate code blocks of the first code include instructions using the
program data. The optimal code locations may be located in a
particular execution path which includes at least one of the
identified code blocks using the program data.

The processing logic of process 200 can determine a domi-
nating one ofthe code blocks in the first code for the identified
code blocks using the program data. For example, the domi-
nating code block may correspond to a nearest common
ancestor block among the identified code blocks according to
the directed graph. The optimal code location may be located
within the dominating code block. In one embodiment, the
dominating code block can include a sequence of instructions
and the optimal code location may be located next to last one
of'the sequence of instructions in the dominating code block.
Other code locations within the dominating code block may
be applicable for inserting the rewriting code for the program
data.

At block 205, the processing logic of process 200 can
generate second code based on the first code inserted with the
rewriting code at optimal code location(s). The second code
can include instructions using the program data dynamically
masked by the rewriting code. When executed via a processor
during runtime, the second code can produce an identical
result as the first code. In other words, the processor can
execute instructions compiled based on the first code to pro-
duce the same result.

In one embodiment, the processing logic of process 200
can obfuscate the program data dynamically via multiple
dynamic masks during an execution of the second code. The
rewriting code may be executed more than once to generate
the multiple dynamic masks. In some embodiments, each run
of'the second code may provide a separate dynamic mask for
masking the program data. The processing logic of process
200 can update instructions using the program data in the first
code with the instructions using the program data dynami-
cally masked by the rewriting code in the second code.

In one embodiment, the processing logic of process 200
can compile source code for the first code (e.g. byte code or
other applicable intermediate code) using static masks for the
program data embedded in the source code. Executable code
generated (e.g. target executable code for a target processor)
for the second code may include directives identifying a data
portion and a text portion of the executable code. The data
portion may include the program data representing the origi-
nal program data statically obfuscated via the static masks. In
some embodiments, the directives may identify a text portion
of the executable code. The text portion can include target
instructions using the program data dynamically masked via
the rewriting code.

In certain embodiments, the processing logic of process
200 may select the statically masked program data from the
first code for dynamically masking the program data in the
second code, for example, during compilation. The source
code may include annotation (e.g. by a user via a user inter-
face) identifying the original program data to be dynamically
masked for the selection. Code locations in the first code for
inserting the rewriting code may be determined without a
need for user annotations in the corresponding source code
indicating where the optimal code locations should be.

FIG. 3 is aflow diagram illustrating a method to locate code
locations for dynamically obfuscating static code data
according to one embodiment of the invention. Exemplary
process 300 may be performed by a processing logic that may
include hardware, software or a combination of both. For
example, process 300 may be performed by system 100 of
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FIG. 1. At block 301, the processing logic of process 300 can
compile source code to statically mask program data of the
source code to generate a first code, such as an intermediate
byte code. The first code may be independent of processors
targeted for execution and/or programming languages used
for the first code. The source code may include annotations
identifying program data embedded in the source code to be
dynamically masked. The first code may be generated to
include one or more instructions using the program data stati-
cally masked.

At block 303, the processing logic of process 300 may
determine an optimal code location in the first code to
dynamically mask the program data. The optimal code loca-
tion may be located in multiple execution paths of first code.
Each execution path can include at least one of the instruc-
tions using the program data statically masked.

At block 305, the processing logic of process 300 can
generate a second code based on the first code inserted with
rewriting code at the optimal code location. The rewriting
code may be executed to dynamically mask the program data.
The second code can include instructions updated to the first
code using the program data dynamically masked by the
rewriting code. In some embodiments, execution based on the
second code by a processor can produce an identical result as
execution based on the first code.

FIG. 4 is a code diagram illustrating sample pseudocode
for dynamically masking statically masked data according to
one embodiment of the invention. Sample code 400 may be
processed based on some components of system 100 of FIG.
1. Code 401 may illustrate a source code including a function
block 403 embedded with program data 405 as a string array.
In one embodiment, code 401 may be annotated with anno-
tation 407 (e.g. a text representation) to indicate that program
data 405 should be dynamically masked. Code 409 may be
generated based on, for example, intermediate code compiled
from code 401 with static masks masking program data 405.
In one embodiment, code 409 may include inverse operations
411 on static masks (e.g. exclusive or) to recover original
program data 407. Dynamic masks 413 as a function of
entropy E may be applied during runtime to mask program
data 407. Entropy E of dynamic masks 413 may be based on
runtime state when code 405 is executed.

FIG. 5 is a block diagram illustrating a sample control flow
for identifying code locations to dynamically obfuscate static
code data according to one embodiment of the invention. For
example, diagram 500 may represent a control flow analyzed
for a code block, such as a function code, based on some
components in system 100 of FIG. 1. Diagram 500 may
belong to an overall control flow of a source code based on an
control flow analysis

In one embodiment, diagram 500 may include code blocks
corresponding to code structures. For example block 509 may
represent a group of instructions having a loop structure.
Block 505 may include branch instructions to direct execu-
tion to either block 507 or block 509. Diagram 500 may
specify parent child relationships according to execution
flows, such as edges 519, 523, 525, 521 among the blocks (or
nodes). For example, block 501 and block 505 may be related
as parent block and child block with each other. Block 517
may be related to multiple parent blocks 513, 515. Ancestry/
descent relationship may be derived based on the parent/child
relationships.

An execution path in diagram 500 may include a sequence
of blocks (nodes) following the parent/child relationships.
For example, diagram 500 can include an execution path
through blocks 501, 505, 507 and 511. In one embodiment,
diagram 500 may include blocks 511, 517 using program data
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to be dynamically masked. A dominating (or dominant) com-
mon block or lowest common block 505 may be identified
from common ancestry blocks based on shortest or nearest
distance (e.g. based on number of graph nodes or other appli-
cable measures) to blocks 511, 517 among execution paths
including either block 511 and/or block 517. In one embodi-
ment, blocks 511, 517 may use statically masked program
data embedded in a source code. Dominating common block
505 of block 511, 517 may be selected as optimal code loca-
tion to insert rewriting code to convert statically masked
program data to dynamically masked program data. Both
blocks 511, 517 may be updated to use the dynamically
masked program data when executed.

FIG. 6 is a block diagram illustrating an example of a data
processing system which may be used with one embodiment
of'the invention. For example, system 600 may represent any
of data processing systems described above performing any
of the processes or methods described above, such as, for
example, system 100 of FIG. 1. System 600 may represent a
desktop (e.g., iMac™ available from Apple Inc. of Cupertino,
Calif.), a laptop (e.g., MacBook™), a tablet (e.g., iPad™), a
server, a mobile phone (e.g., iPhone™), a media player (e.g.,
iPod™ or iPod Touch™), a personal digital assistant (PDA),
a personal communicator, a gaming device, a network router
or hub, a wireless access point (AP) or repeater, a set-top box,
or a combination thereof.

Referring to FIG. 6, in one embodiment, system 600
includes processor 601 and peripheral interface 602, also
referred to herein as a chipset, to couple various components
to processor 601 including memory 603 and devices 605-608
via a bus or an interconnect. Processor 601 may represent a
single processor or multiple processors with a single proces-
sor core or multiple processor cores included therein. Proces-
sor 601 may represent one or more general-purpose proces-
sors such as a microprocessor, a central processing unit
(CPU), or the like. More particularly, processor 601 may be a
complex instruction set computing (CISC) microprocessor,
reduced instruction set computing (RISC) microprocessor,
very long instruction word (VLIW) microprocessor, or pro-
cessor implementing other instruction sets, or processors
implementing a combination of instruction sets. Processor
601 may also be one or more special-purpose processors such
as an application specific integrated circuit (ASIC),